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Rickettsiae are regarded by most  workers in the field of  infectious diseases 
as agents which occupy a position in the biological scale intermediate between 
the  filterable  viruses  and  the  bacteria  (1).  Thus,  the  rickettsiae  like  the 
viruses are  intracellular  parasites but  their  size and  staining  characteristics 
emphasize their resemblance to bacteria.  That the bacillary rickettsial forms 
do indeed represent the infectious agents is generally accepted.  Information 
about  the  internal  morphological structure  of rickettsiae has been  obtained 
during the course of other studies, and since it contributes to our understanding 
of the nature of this group of agents, it is presented at this time. 
Materials  and  Methods 
Four rickettsial agents were employed in the present studies: these were the Breiul 
strain of epidemic typhus, the Wilmington strain of endemic typhus, the Bitterroot 
strain of Rocky Mountain spotted fever, and the American strain of Q fever.  These 
agents had been maintained by serial animal and cultural passages in the Virus Lab- 
oratory of the Army Medical School for some time, and their identities were checked 
at frequent intervals by means of cross immunity and serological tests. 
Most of the observations recorded in this report were made with the aid of a type 
B RCA electron microscope (2) on partially purified suspensions of formolized rickett- 
siae which were obtained from egg yolk sacs inoculated by the technique of Cox (3); 
the  method of  purification of the rickettsial material will be described  at a  future 
date.  In addition,  suspensions  of infectious rickettsiae of spotted fever were ob- 
tained  from the  scrapings of inoculated  agar slant  tissue cultures  (4);  these were 
washed by a process of differential centrifugation and used in the studies.  Rickett- 
siae for examination in the electron microscope  were placed on collodion  films and 
washed by the method previously used for elementary bodies of vaecinia  (5).  In 
the case of the infectious rickettsiae of spotted fever such preparations were made at 
the Virus Laboratory and inactivated by one of two procedures, i.e., by exposure to 
formalin vapor overnight, or by irradiation with ultraviolet light. 
In order to illustrate the structure of rickettsiae as visualized by ordinary micros- 
copy, impression smears of tunica tissue of guinea pigs infected with endemic typhus, 
and smears of crude emulsions  of yolk sacs rich in rickettsiae were stained by Mac- 
chiavello's technique (6) and photographed by the usual methods. 
355 356  MORPHOLOGICAL  STRUCTURE  OF  RICKETTSIAE 
EXPERI~'ENTAL 
The bacteria-like  rickettsial  structures  found in infected  tissues  are readily 
seen in  smears and sections  stained  with aniline  dyes and examined by  ordinary 
microscopic techniques,  The appearance of  certain  rickettsiae  examined under 
these conditions is illustrated in Figs.  1 to 3.  The cytoplasmic distribution 
of rickettsiae of endemic typhus in an endothelial cell from the tunica of an 
inoculated guinea pig is seen in Fig. 1.  Wolbach (7) and Pinkerton and Hass 
(8) have emphasized the occurrence of rickettsiae of the spotted fever group in 
the nucleus as well as in the cytoplasm of diseased cells; this is in contrast to 
the distribution of the organisms of typhus fever which are found only in the 
cytoplasm.  Figs.  2  and 3  illustrate the pleomorphic rod-shaped  structures 
which are found in stained smears of yolk sacs infected with the rickettsiae of 
epidemic and  endemic typhus, respectively. 
Examination by  electron  microscopy of  the  rickettsiae  of  epidemic  and 
endemic typhus fever, of Rocky Mountain spotted fever, and of Q fever reveals 
a  striking similarity in the morphological structure of these four agents.  A 
number of representative examples of the four rickettsiae are  illustrated in 
Figs. 4 to 7; organisms of epidemic typhus are portrayed in Figs. 4 a  to f, of 
endemic typhus in Figs. 5 a  to e, of Rocky Mountain spotted fever in Figs. 
6 a to c, and of Q fever in Figs. 7 a to c.  Suspensions of each type of rickettsiae 
contain many large bacillary forms that possess a  limiting membrane which 
encloses a  substance  of moderate opacity to  electrons.  The  membrane as 
well as the semiopaque substance suggests a  structure comparable to that of 
bacteria as seen in the electron microscope (9).  Rickettsiae are analogous to 
certain bacteria (9) in another important respect, namely, they Contain granules 
which  lie  within  the  protoplasm.  In  most  instances  in  which  individual 
granules can be clearly recognized the bodies appear  as comparatively large 
spherical  structures.  Sometimes  they  are  joined  together  by  a  thread  of 
material and present a picture suggestive of a string of beads, Figs. 4 b and 5 a. 
In other instances the granules seem unattached to the main irregular dense 
masses, Figs. 4 e, 4f, or they push against the limiting membrane and produce 
a  knobby external surface, Fig. 5. 
The morphological structures observed in electron micrographs of all four 
rickettsial agents have not yet been studied sufficiently to enable one to dis- 
tinguish one variety from another.  Differences in the average sizes  of rick- 
ettsiae of the four strains are apparent in Figs. 4 to 7.  However, microscopy 
by ordinary light is also capable of bringing out gross differences in size, which 
indeed depend almost as much on the factors of nutrition and environment as 
on the type of the organism studied (1). 
Particular stress is laid in this report on the structure of the large bacillary 
forms of rickettsiae because these are most readily identified as definite entities 
and they have been studied most extensively by the older techniques.  Slightly 
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microscope for they too show evidence of a limiting membrane and of internal 
structure,  Fig.  5.  These  small oval rickettsiae are  of considerable interest 
since  they cannot be  differentiated with  certainty from tissue particles by 
ordinary microscopy.  The occurrence of such organisms may throw light on 
the concept of "invisible forms" of rickettsiae which has been brought forward 
to explain certain experiments in which rickettsiae have not been demonstrated 
in material of known infectivity (1,  10). 
Small and medium sized dense granules without surrounding semitransparent 
substance  or membranes are  also  found on examination of preparations  of 
rickettsiae, Figs. 5 a, 5 b, and 7 a; these seem unrelated to recognizable rick- 
ettsiae.  They are well below the limit of resolution of the light microscope and 
may represent non-infectious cellular debris, salt crystals, or portions of dis- 
integrated rickettsiae.  The latter possibility would seem to account for at 
least part of the larger granules since similar structures are not found in sus- 
pensions of normal yolk sacs  prepared  by the same  techniques used for ob- 
taining the rickettsial suspensions and, since some of  the organisms undergo 
destruction during treatment on the collodion film, Fig.  4 b. 
Suspensions of rickettsiae of epidemic typhus and of Rocky Mountain spotted 
fever were prepared by several other techniques and these suspensions in turn 
were treated with a number of materials after being placed on collodion films 
preparatory to examination in the electron microscope.  Observations  made 
on the various preparations indicated that the basic morphological structure 
of these rickettsiae is of the type illustrated in Figs. 4 and 6. 
This great variation in the morphology of rickettsial bodies of the same strain 
may be contrasted with the relatively high degree of uniformity of structure 
observed in viruses.  The elementary bodies of vaccinia virus which, in com- 
mon with bacteria and the rickettsia, have an external membrane surrounding 
a differentiated internal structure, are brick-like in shape and the majority have 
five symmetrically arranged internal granules (5). 
SUMMARY 
The morphological structures of the rickettsiae of epidemic and endemic 
typhus fever, Rocky Mountain spotted fever, and Q fever are similar to one 
another and to certain bacteria.  The rickettsial organisms in common with 
the elementary bodies of vaccinia virus and all bacteria would appear to have 
a  limiting membrane which surrounds a  substance that seems to be proto- 
plasmic  in  nature;  numbers  of dense  granules  are  embedded  in  the  inner 
protoplasm. 
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EXPLANATION OF PLATES 
PLATE 18 
FIG. 1.  A typical Neill-Mooser body is illustrated.  This endothelial cell from the 
tunica of a guinea pig infected with endemic typhus contains many rickettsiae in its 
cytoplasm.  The diplobaciUary forms and short chains are also present in the streamer 
of cytoplasm seen to the right of the large cell.  MacchiaveUo's stain.  × 1000. 
FIGS. 2 and 3.  These represent photomicrographs of smears  from emulsions  of 
yolk sacs infected with epidemic and endemic typhus, respectively.  Macchiavello's 
stain.  × 1000. THE  JOURNAL OF EXPERIMENTAL  MEDICINE VOL.  77  PLATE  18 
(Plotz et  al.:  Morphological structure of rickettsiae) PLATE 19 
FIGs. 4 to 7.  A series of electron micrographs of rickettsiae are reproduced; Fig. 4 
portrays organism of epidemic typhus, Fig. 5 those of endemic typhus, Fig. 6 those of 
Rocky Mountain  spotted fever, and Fig.  7, those of Q fever.  See text for descrip- 
tions of these figures.  Original magnification 8,000,  enlarged twice for reproduction. 
The granule  at  the  edge of the  rickettsiae  illustrated  in  Fig.  5 c seems to have 
internal structure. THE  JOURNAL OF EXPERIMENTAL  MEDICINE VOL. 77  PLATE  19 
(Plotz et al.:  Morphological structure of rickettsiae) 